
Innovations in CLINICAL NEUROSCIENCE [ V O L U M E  8 ,  N U M B E R  6 ,  J U N E  2 0 1 1 ]20

ABSTRACT
Background. Risperidone 

long-acting injectable was previously
approved for treatment of
schizophrenia as biweekly injections
in the gluteal muscle only. We
present data on local injection-site
tolerability and safety of risperidone 
long-acting injectable and
comparability of systemic exposure
of deltoid versus gluteal injections.

Methods. Risperidone 
long-acting injectable was
administered in an open-label, single-
dose, two-way crossover study, with
patients randomized to receive either
25mg gluteal/37.5mg deltoid
crossover in two treatment periods
or 50mg gluteal/50mg deltoid
injections crossover; each treatment
period was separated by an 85-day

observation period (Study 1) and an
open-label, multiple-dose study (4
sequential 37.5mg or 50mg deltoid
injections every 2 weeks) (Study 2).
The pharmacokinetic results from
both the studies have already been
published.

Results. In Study 1 (n=170), the
majority of patients had no local
injection-site findings, based on
investigator and patient-rated
evaluations. In Study 2 (n=53), seven
of the 51 patients who received at
least two deltoid injections
discontinued (primary endpoint).
However, none of the
discontinuations were due to
injection-site related reasons. The
90-percent upper confidence limit of
the true proportion of injection-site
issue withdrawals was 5.7 percent.
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No moderate or severe injection-site
reactions were reported.

Conclusion. Intramuscular
injections via the deltoid and gluteal
sites are equivalent routes of
administration of risperidone 
long-acting injectable with respect to
local injection-site tolerability. The
overall safety and tolerability profile
of risperidone long-acting injectable
was comparable when administered
as an intramuscular injection in the
deltoid (37.5mg and 50mg) and
gluteal (25mg and 50mg) sites.

INTRODUCTION
The principal goals of treatment

in schizophrenia are to achieve
sustained relief from psychotic
symptoms, reduce relapse rates,
and to improve patient functioning
and quality of life.1,2 Since the
achievement of remission requires
long-term maintenance treatment
over a sustained time period,3

adherence is of paramount
importance in view of the fact that
even a brief hiatus in treatment
can be detrimental, leading to a
worsening in symptoms and,
ultimately, relapse and
rehospitalization.4-7 For this
reason, the guidelines for 
long-acting antipsychotic
treatment developed by a European
Neuropsychopharmacology
Consensus Conference recommend
that, “Any patient for whom long-
term antipsychotic treatment is
indicated should be considered for
long-acting agents.”8

Long-acting injectable (LAI)
formulations of second-generation
antipsychotics provide continuous
medication delivery and reduced
plasma drug-level fluctuations
compared with oral agents and,
importantly, enable more accurate
monitoring of medication adherence.8

Patients failing to return for
scheduled injections are readily
identified, thereby allowing earlier
intervention to prevent further
worsening and escalation of
psychotic symptoms.8 In a systematic
review of patient preference for
route of medication administration,

in five out of the six studies
analyzed, the majority of patients
preferred the injectable formulation
to the oral formulation.9 Of the
different sites for administering an
injection, the deltoid muscle of the
arm is considered less intrusive and
embarrassing for a patient due to its
ease of accessibility. Thus, the option
to be able to administer treatment
via a deltoid versus gluteal injection
may further aid patient adherence
and acceptance.

Risperidone LAI, the long-acting
injectable formulation of risperidone,
combines the benefits of an atypical
antipsychotic agent with the
advantages of a long-acting
formulation, and allows physicians
and other healthcare providers 
to more rapidly detect patient
nonadherence. Risperidone LAI is
approved for the treatment of
schizophrenia in many countries and
for the treatment of bipolar I
disorder in the United States
(Risperdal® Consta® Prescribing
Information, 2010). Previously, the
only approved route of
administration of risperidone LAI
was intramuscular in the gluteal
muscle. We have previously reported
the pharmacokinetic results of the
two studies10 that demonstrated the
bioequivalence of equal doses of
risperidone LAI following deltoid or
gluteal administration and dose-
proportional pharmacokinetics. 
The results from these served as 
the basis for the recent approvals 
of risperidone LAI deltoid
administration in a number of
countries worldwide including the
United States, European Union, and
Canada. Here we present the
injection-site tolerability results of
deltoid versus gluteal injection as
well as the investigator-rated
assessments of injection-site
reactions, the patient-rated
assessments of injection-site
reactions, and other safety findings
for both the studies.

METHODS
Patients. In both studies,

physically healthy patients of either

sex aged 18 to 55 years, body mass
index (BMI) of 18 to 35kg/m2 and
fulfilling Diagnostic and Statistical
Manual of Mental Disorders,
Fourth Edition (DSM-IV) diagnostic
criteria for schizophrenia were
enrolled. No changes in medication
or dosage were permitted during the
four weeks before the screening visit,
and eligible patients were required to
have a Clinical Global Impressions
(CGI) scale score of ≤3 (mild) in
Study 1 and ≤4 in Study 2. In
addition, in Study 2, patients should
have been treated with at least two
gluteal injections of risperidone LAI
(25 or 37.5mg) and were in need of a
dose increase for clinical reasons.

The exclusion criteria for both
studies included a DSM-IV Axis I
diagnosis other than schizophrenia,
the presence of a substance
dependence disorder, or any acute
unstable or significant concomitant
medical illness, a history of
neuroleptic malignant syndrome, or
an allergy to risperidone or other
constituents of the formulation. In
addition, patients were excluded if
they were considered by the
investigator to have inadequate
muscle mass within the gluteal or
deltoid regions to receive the
intramuscular injections. Women 
who were not practicing an effective
method for birth control and those
who were pregnant or nursing were
also excluded.

Both studies were conducted in
accordance with the Good Clinical
Practice Guidelines and the
Declaration of Helsinki and its
revisions. The study protocols and
informed consent documents were
all reviewed and approved by the
Independent Ethics Committees. All
patients provided informed consent
before participation in either study,
and after the study procedures, risks,
benefits, and alternatives to
participation had been fully
explained.

Study design. Study 1 was a
randomized, multicenter, open-label,
single-dose, two-way crossover 
study consisting of a pretreatment
screening phase (≤21 days), two
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treatment phases, and an end-of-
study evaluation, either upon
completion of all study-related
procedures or following early
discontinuation.

During the treatment periods,
patients were randomized to one of
two parallel treatment panels to
receive a single intramuscular
injection of risperidone LAI followed
by an 85-day observation period,
during which patients continued
ongoing approved oral antipsychotic
treatment. Patients assigned to Panel
I received 25mg risperidone LAI via
the gluteal muscle or 37.5mg
risperidone LAI via the deltoid
muscle and then 
were crossed over to the alternate
treatment in the subsequent
treatment period. Patients assigned
to Panel II received 50mg risperidone
LAI via the gluteal muscle or 50mg
risperidone LAI via the deltoid
muscle and then were crossed over
in the subsequent treatment period.10

Study 2 was a multicenter, open-
label, multiple-dose study, consisting
of a pretreatment screening phase
(≤14 days); an eight-week, open-
label treatment phase, during which
patients received four sequential
injections of 37.5 or 50mg
risperidone LAI, administered every
two weeks into the deltoid muscle in
alternate arms for each visit; and an
end-of-study evaluation, either upon
completion of all study procedures or
following early discontinuation.10

Doses of risperidone LAI could be
adjusted within the 37.5 to 50mg
range for efficacy or general
tolerability but not for reasons
related to local injection-site
tolerability. Patients with local
injection-site issues
were discontinued due to lack of
tolerability. Patients continued
their previous oral antipsychotic
medication, if it was not excluded
per protocol. To evaluate tolerability,
patients needed to have a minimum
of two risperidone LAI deltoid
injections (to account for the
learning process of receiving
injections into a site other than the
gluteus muscle).

Study drug administration.
In both studies, risperidone LAI was
administered using 2mL of diluent
with a 21-gauge (1-inch) needle for
injection into the deltoid muscle,
and a 20-gauge (2-inch) needle for
injection into the gluteus muscle. In
Study 2, risperidone LAI injections
were administered in alternate arms.

Tolerability and safety
assessments. Local injection-site
reactions were evaluated by the
investigators and by the patients
separately. Redness, swelling,
tenderness, and induration were
evaluated and rated by investigators
30 minutes before risperidone LAI
injection and two hours post-
injection. The evaluation was
recorded using a rating scale of 0 to
3 (0=absent, 1=mild, 2=moderate,
and 3=severe). In Study 1,
investigators performed injection-site
evaluations at 12- and 24-hours post
injection and on Days 3 and 15 after
each injection, and in Study 2,
investigators performed their
evaluations at study completion or at
early discontinuation. In both
studies, patient-rated local injection-
site pain was assessed separately
using a 100mm visual analogue scale
(VAS) (0mm=no pain and
100mm=unbearable pain) and was
evaluated at the same time points as
the investigator-rated assessments.

The frequency, severity, and
duration of all treatment-emergent
adverse events (TEAEs) and their
relationship to the study medication
were recorded throughout both
studies. Physical examinations and
electrocardiograms (ECGs) were
recorded at screening and at study
completion or early discontinuation.
Vital signs (e.g., temperature, pulse
rate, respiratory rate, and blood
pressure) were assessed at screening
and at regular intervals throughout
both studies. Clinical laboratory tests
(e.g., serum chemistry, hematology,
and urinalysis) were conducted at
screening and at study completion or
early discontinuation, and before
dosing in both periods of Study 2.
The clinical laboratory tests were
performed at a central laboratory

(Covance Central Laboratory
Services [Indianapolis for sites in
the United States and Geneva,
Switzerland for sites in Europe]).
The frequency of extrapyramidal
symptoms (EPS) on the EPS Rating
Scale (ESRS) was also assessed.

Statistical analysis. In Study 1,
approximately 150 patients were
planned for enrollment to ensure
that 130 patients completed all
study-related evaluations. In Study 2,
for the tolerability issues related to
the intramuscular nature of the
injection, a sample size of 50 patients
was estimated to produce a 90-
percent confidence interval (CI) with
a precision of 0.12, assuming a
discontinuation rate of 0.5. With a
corresponding point estimate of 50
percent (0.5 discontinuation rate or
50% of patients completing the
study) and precision of 0.12, the
lower limit of the CI would be
approximately 38 percent. This was
considered clinically acceptable and
a positive outcome. In Study 2,
approximately 60 patients were
screened in order to ensure that 50
patients completed the second
deltoid injection with risperidone
LAI.

Patients who received at least one
injection of risperidone LAI were
included in the safety population.
Investigator-rated local injection-
site reactions were analyzed
descriptively at each time point.
Changes from baseline in patient-
rated local injection-site pain (VAS
scores) were calculated and
summarized.

Clinical laboratory test data were
summarized using descriptive
statistics at baseline and at the end
of the study, and changes from
baseline results were calculated.
The effects of risperidone LAI on
cardiovascular variables were
evaluated by means of descriptive
statistics and frequency tabulations,
including changes from baseline
values. All important abnormalities
from the ECG readings were
reported.Vital signs were
summarized descriptively by
parameter and time point, and
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included change from baseline;
values for individual patients were
compared with normal reference
ranges and predefined criteria for
orthostatism. Any changes in the
results of the physical examinations
between screening and the end of
the study or early withdrawal were
recorded. If an anticholinergic
medication or any other medication
was prescribed for EPS, including
akathisia, or such a medication was
increased in dosage, an additional
ESRS assessment was to be
completed. The ESRS scores and
subscores were tabulated and
analyzed descriptively.

RESULTS
Patient disposition,

demographics and baseline
characteristics. Study 1 was
conducted between October 2005
and March 2007 at seven sites in the
United States (64% of patients) and
five sites in Europe (36% of patients;

2 sites in Poland, 2 sites in Spain and
1 site in Estonia). A total of 170
patients were enrolled and 135
(79%) patients completed the study
receiving both the planned single
injections of risperidone LAI into the
gluteal and deltoid muscle 
(Figure 1).

Study 2 was conducted between
March 2006 and September 2006 at
nine sites in the United States. Fifty-
three patients were enrolled in the
study, 51 (96%) patients received
two or more injections of risperidone
LAI and 44 (83%) patients
completed the study (Figure 1).

Patient demographics and
baseline characteristics for both
studies were similar (Table 1). In
Study 1, patient characteristics were
well balanced across the four
treatment sequence groups; overall,
66 percent of patients were men, 61
percent were white, and the mean
age was 41 years. In Study 2, 72
percent of patients were men, 62

percent were white, and the mean
age was 42 years.

TOLERABILITY AND SAFETY
Tolerability evaluation. There

were no discontinuations related to
injection-site tolerability in Study 1,
and the upper limit of the true
proportion of withdrawals due to
injection-site issues was 5.7 percent
with 90-percent confidence. Fifty-
one patients in Study 2 received at
least two injections into the deltoid
muscle and were eligible for
evaluation of tolerability. Of these, 44
(86%) completed the study,
considered a clinically acceptable
and positive outcome (a positive
outcome was defined a priori as 50
percent or more of patients
continuing among those
who received at least two
intramuscular deltoid injections with
risperidone LAI) for the study.

Investigator-rated assessments
of injection-site reactions. Of the

FIGURE 1. Patient accounting
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TABLE 1. Patient demographics and baseline characteristics

DEMOGRAPHICS

STUDY 1 STUDY 2

Total
N=170

25mg GM/
37.5mg DM

n=33

37.5mg DM/
25mg GM

n=31

50mg GM/
50mg DM

n=51

50mg DM/
50mg GM

n=55

Total
N=53

Gender, n (%) 
Men 
Women

112 (66) 
58 (34)

18 (55) 
15 (45)

24 (77) 
7 (23)

32 (63)
19 (37)

38 (69) 
17 (31)

38 (72) 
15 (28)

Race, n (%) 
White
Black
Other

104 (61) 
64 (38) 
2 (1)

18 (55) 
15 (45) 
0 (0)

18 (58) 
13 (42) 
0 (0)

39 (76)
12 (24) 
0 (0)

29 (53) 
24 (44) 
2 (4)

33 (62) 
18 (34) 
2 (4)*

Age, years
Mean (SD) 
Median (range)

41.4 (9.1) 
42.5 (21; 57)

43.0 (8.1) 
43.0 (21; 55)

41.2 (10.1) 
43.0 (22; 56)

40.4 (9.9) 
42.0 (21; 55)

41.5 (8.3) 
43.0 (24; 57)

42.0 (10.9) 
44.0 (19; 59)

Weight, kg
Mean (SD) 
Median (range)

85.4 (16.7) 
85.8 (51; 132)

88.0 (16.3) 
88.0 (54; 128)

89.3 (19.8) 
88.5 (54; 132)

80.4 (13.8) 
80.7 (51; 108)

86.2 (16.8) 
84.8 (55; 124)

91.3 (17.6) 
89.1 (61; 127)

Height, cm
Mean (SD) 
Median (range)

173.4 (9.9) 
174.0 (148; 203)

173.7 (11.2) 
175.3 (148; 196)

174.2 (9.2) 
173.5 (159; 196)

173.4 (10.4)
173.0 (156; 203)

172.6 (9.2) 
174.0 (148; 191)

175.0 (9.3) 
175.3 (155; 198)

BMI, kg/m2

Mean (SD) 
Median (range)

28.3 (4.5) 
29.0 (19; 38)

29.0 (4.2) 
29.4 (21; 36)

29.2 (4.7) 
30.3 (19; 35)

26.8 (4.2) 
26.2 (21; 35)

28.9 (4.7) 
29.7 (20; 38)

29.8 (4.9) 
30.6 (20; 38)

Diagnosis, n (%) 
Paranoid 
Disorganized 
Residual
Undifferentiated

151 (89) 
1 (1) 
5 (3) 
13 (8)

29 (88) 
1 (3) 
1 (3) 
2 (6)

27 (87) 
0
0

4 (13)

44 (86) 
0

4 (8) 
3 (6)

51 (93) 
0
0

4 (7)

51 (96) 
2 (4) 

0
0

Age at diagnosis, yrs
Mean (SD) 
Median (range)

27.6 (10.0) 
26.0 (5; 54)

27.9 (9.9) 
25.0 (12; 50)

29.0 (10.6) 
27.0 (15; 54)

25.7 (9.9) 
22.5 (5; 52)

28.5 (9.9) 
27.0 (7; 49)

25.5 (9.9) 
23.0 (12, 48)

CGI scale score, n (%)**
Mild
Moderate

NR NR NR NR NR 15 (28) 
38 (72)

*For race in Study 2, “Other” includes Asian and others.
**In Study 2, by definition of the inclusion criteria, all patients had a Clinical Global Impression scale score of 3 or less (i.e., mild or lower).
GM =gluteal muscle; DM=deltoid muscle; SD=standard deviation; BMI=body mass index; NR=not recorded

TABLE 2. Investigator-rated assessments of injection-site reactions in Study 1, by severity, at any time point

SEVERITY OF
REACTIONS

Total
n (%)
N=170

25mg GM
n (%)
n=60

37.5mg DM
n (%)
n=57

50mg GM
n (%)
n=103

50mg DM
n (%)
n=96

Mild
Moderate

51 (30)
9 (5)

7 (12)
0

12 (21)
2 (4)

14 (14)
3 (3)

26 (27)
5 (5)

None of the reactions were rated as severe by the investigator at any time point; GM=gluteal muscle; DM=deltoid muscle



170 patients enrolled in Study 1,
injection-site reactions were rated as
mild in 51 (30%) patients, and as
moderate in nine (5%) patients.
There were no patients with
injection-site reactions that were
rated as severe by the investigator
(Table 2). The proportion of patients
with mild or moderate injection-site
reactions was lower with risperidone
LAI gluteal muscle injections (25mg:
12%; 50mg: 14%) than with deltoid
muscle injections (37.5mg, 21%;
50mg, 27%) (Table 2). The most
common injection-site reaction was
tenderness (risperidone LAI gluteal
injections—25mg and 50mg: 10%
each; deltoid injections—37.5mg: 18%;
50mg: 19%). Redness was observed in
three percent of patients receiving
25mg and six percent of patients
receiving 50mg of the risperidone LAI
gluteal muscle injections; and in five
percent of patients receiving 37.5mg
and eight percent of patients receiving
50mg of the risperidone LAI deltoid
muscle injections. There were few
reports of swelling or induration at
either injection site. Injection-site
reactions were most frequent at two
and 12 hours post injection, and
resolved thereafter, with almost no
injection-site reactions reported
beyond Day 3 (except for one
occurrence of redness reported at the
end of the study following the 50mg
risperidone LAI deltoid muscle
injection).

In Study 2, investigators reported
mild injection-site reactions at
two hours post-injection in a
maximum of 10 (19%) of the 53
patients (Table 3). Importantly, scores
returned to ‘absent’ at the preinjection
assessment of the next injection
administered two weeks later. No
moderate or severe injection-site
reactions were reported, and no
clinically relevant differences were
observed between patients who
received either 50mg or 37.5mg
risperidone LAI.

Patient-rated assessments of
injection-site reactions. In Study 1,
patient-rated assessments of pain at
the injection-sites, based on VAS
scores, indicated that for the majority

of patients there were no or minimal
changes at two (Table 4), 12, and 24
hours from baseline at either the
gluteal or deltoid muscle injection
sites. The median change from
baseline was 0mm at all time points.
Injection-site pain was low overall.
The highest mean values for injection-
site pain recorded by patients (scale
of 0–100mm) were 1.30mm (25mg)
and 1.56mm (50mg) for the
risperidone LAI gluteus muscle
injections; and 3.56mm (37.5mg) and
1.89mm (50mg) for the risperidone
LAI deltoid muscle injections.
The mean changes from baseline
(predose on Day 1) were highest at
two and 12 hours postdose and
normalized thereafter. For patients
who indicated that injection-site pain
had increased compared with baseline,
maximum changes in VAS scores were

lowest for the 25mg risperidone LAI
gluteus muscle injection (28.0mm),
and comparable for the 37.5mg
risperidone LAI deltoid muscle
injections (50.0mm), the 50mg
risperidone LAI gluteus muscle
injections (41.0mm) and the 50mg
risperidone LAI deltoid muscle
injections (47.0mm). Individual
patient VAS scores for patient-rated
injection-site pain were similar to
baseline values on Day 3 for greater
than 90 percent of patients.

In Study 2, patient-rated
assessments of pain at the injection-
site on the VAS score (scale of
0–100mm) showed mean pain values
of 2.4mm at baseline, and within a
range of 4.2 to 6.1mm at two hours
post injection. Mean increases in pain
values from pre-dose to post-dose
were approximately 1 to 3mm in

TABLE 4. Mean patient-rated changes in injection-site pain values from baseline to 2 hours
post-injection in Study 1 (100mm VAS scores)

25mg GM
n (%) 
n=60

37.5mg DM
n (%)
n=57

50mg GM
n (%)
n=103

50mg DM
n (%)
n=96

Change from baseline at 2 hrs 
n
Mean (SD)

60
1.1 (3.3)

57
3.4 (9.6)

102
0.5 (2.2)

96
1.1 (5.9)

Injection-site pain was overall very low. 
DM=deltoid muscle; GM =gluteal muscle; VAS=visual analog scale

TABLE 3. Investigator-rated assessments of mild injection-site reactions in Study 2 by reaction
type at 2 hours post-injection

STUDY 2 (N=53)

VISIT INDURATION REDNESS SWELLING TENDERNESS

Day 1
n
Mild

53
1

53
3

53
0

53
6

Day 15 
n
Mild

51
1

51
1

51
1

51
10

Day 29 
n
Mild

46
0

46
5

46
0

46
7

Day 43 
n
Mild

45
0

45
0

45
0

45
6

All reactions were ‘mild’ in severity and disappeared by next visit; No moderate or severe
reactions were reported.
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patients who received 37.5mg
risperidone LAI, and approximately 5
to 10mm (slightly higher) in patients
who received 50mg risperidone LAI.
For the majority of the patients, mean
pain values returned to baseline levels
at the pre-dose assessment of the next
injection two weeks later (no
assessments in between).

Injection site-related
treatment-emergent adverse
events. In Study 1, the incidence of
potential injection site-related
TEAEs was low (≤2%) for all
treatments and similar between the
gluteus (25 and 50mg) and deltoid
muscle (37.5 and 50mg) injection
groups. The injection site-related
TEAEs were all of mild severity,
and there were no patient
discontinuations due to these TEAEs
in either of the studies. In Study 2,
injection-site pain and injection-site
reaction were reported as adverse
events by 7.5 and 1.9 percent of
patients, respectively.

Overall treatment-emergent
adverse events. In Study 1, 109
(64%) patients reported one or more
TEAE(s) during the study.10 The
most frequently reported TEAEs
were headache (15%) and

nasopharyngitis (12%), which were
generally considered to be mild in
severity (Table 5). The overall
tolerability of risperidone LAI was
similar for the deltoid and gluteal
sites (Table 3). Ten (6%) patients
had serious TEAEs, including two
patients who died. The two serious
TEAEs (psychotic disorder [n=1];
moderate cough with
pharyngolaryngeal pain and
hydrocodone toxicity [n=1]) leading
to death were considered by the
investigators to be either not related
(patient with psychotic disorder) or
doubtfully related (patient with
hydrocodone toxicity) to study drug
administration. The patient with
psychotic disorder completed suicide
approximately 1.5 months after
withdrawing from the study. Two
patients were withdrawn from the
study due to serious TEAEs
(subdural hematoma and psychotic
disorder).

In Study 2, 21 (39.6%) patients
reported one or more TEAEs during
the study. The most frequently
reported TEAEs (occurring in >5%
of patients) were injection-site pain
(7.5%), fatigue (5.7%), and sedation
(5.7%) (Table 5). There were no

deaths reported in this study. Two
(4%) patients had serious TEAEs
(worsening of schizophrenia). For
one patient, the event resolved after
concomitant administration of oral
risperidone while for the other
patient, it resolved after concomitant
oral risperidone and oral haloperidol
administration and increase of
subsequent deltoid risperidone LAI
injections dose to 50mg. Two (4%)
patients discontinued due to a
TEAE: one patient experienced mild
sedation and another patient
experienced mild EPS. As sedation
and EPS are expected adverse
events associated with risperidone
use, these discontinuations are
unlikely to be related to the mode of
risperidone administration (injection
into the deltoid muscle site).

Extrapyramidal Symptom
Rating Scale scores and other
clinical assessments. In Study 1,
mean total ESRS scores tended to
decrease (improve) during the study
for all treatment groups. The mean
(SE) changes from baseline in total
ESRS scores on Day 36 for the
risperidone LAI gluteal muscle
injection groups were as follows:
25mg, -0.16 (0.34) and 50mg, -0.67

TABLE 5. Treatment-emergent adverse events reported by >5% of patients in either of the studies

TEAEs

STUDY 1 STUDY 2

Total 
n (%)
N=170

25mg GM
n (%)
n=60

37.5mg DM
n (%)
n=57

50mg GM 
n (%) 
n=103

50mg DM 
n (%) 
n=96

Total 
n (%) 
N=53

Total patients with TEAE(s) 109 (64.1) 30 (50.0) 28 (49.1) 48 (46.6) 47 (49.0) 21 (39.6)

Headache 25 (14.7) 10 (16.7) 8 (14.0) 7 (6.8) 9 (9.4) 0 (0)

Nasopharyngitis 21 (12.4) 5 (8.3) 5 (8.8) 5 (4.9) 6 (6.3) 0 (0)

Injection-site pain 2 (1.2) 0 (0) 0 (0) 1 (1.0) 1 (1.0) 4 (7.5)

Upper respiratory tract infection 10 (5.9) 3 (5.0) 2 (3.5) 3 (2.9) 2 (2.1) 0 (0)

Insomnia 10 (5.9) 0 (0) 1 (1.8) 5 (4.9) 7 (7.3) 1 (1.9)

Fatigue 7 (4.1) 2 (3.3) 3 (5.3) 1 (1.0) 3 (3.1) 3 (5.7)

Sedation 1 (0.6) 0 (0) 0 (0) 1 (1.0) 0 (0) 3 (5.7)

Anxiety 9 (5.3) 1 (1.7) 0 (0) 5 (4.9) 3 (3.1) 0 (0)

Toothache 7 (4.1) 3 (5.0) 1 (1.8) 1 (1.0) 3 (3.1) 0 (0)

Tachycardia 7 (4.1) 0 (0) 3 (5.3) 3 (2.9) 4 (4.2) 0 (0)

DM=deltoid muscle; GM=gluteal muscle; TEAE=treatment-emergent adverse event
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(0.21). The mean (SE) changes from
baseline in total ESRS scores on Day
36 for the risperidone LAI deltoid
muscle injection groups were as
follows: 37.5mg, -0.02 (0.296) and
50mg, -0.16 (0.197). Overall, there
were no clinically relevant
differences from baseline to study
endpoint in mean clinical laboratory
values, vital signs, ECG parameters,
or physical examinations in either
study (data not shown). In Study 2,
there was a slight improvement in
the mean total ESRS score from
baseline to study endpoint; the mean
(SE) change was -0.35 (0.21). In
Study 1, mean (SE) creatine kinase
values increased by 38.40U/L
(17.69U/L) from baseline to the end
of the study. There were no TEAEs
related to heart rate and rhythm in
either study. Mean (SE) weight
increased from baseline to the end of
the study by 1.39kg (0.38kg) in
Study 1 and 0.92kg (0.38kg) in Study
2. In Study 2, mean (SE) creatine
kinase values increased by 59.67U/L
(37.25U/L) from baseline to the end
of the study.

DISCUSSION
The results from these two studies

demonstrate that injection of
risperidone LAI into the deltoid
muscle is generally well tolerated
when administered either as single or
multiple doses. The pharmacokinetic
analyses from these studies have
been published separately and
demonstrated the bioequivalence
of the deltoid to gluteal muscle 
injection at equal doses and the
interchangeability of the injection
site in terms of drug exposure.10 In
Study 2, which was designed to
primarily evaluate the tolerability of
deltoid muscle administration after
repeated doses, there were no
patients who discontinued the study
due to reasons related to the
injection site. The upper limit of the
true proportion of withdrawals due
to injection-site issues was very low,
with a value of 5.7 percent (with
90% confidence), which was
considered a clinically acceptable
outcome for this study.

The investigator reported the
injection-site reactions as mild in 51
(30%) patients and as moderate in
nine (5%) patients in Study 1 and as
mild reactions in a maximum of 10
(19%) patients at two hours post-
injection in Study 2. Injection-site
reactions that did occur were
primarily mild and none were
classified as severe. Study drug
injection sites for the majority
of patients revealed no redness,
swelling, tenderness, or induration at
either the deltoid muscle or gluteal
muscle injection sites. Patient-
evaluated injection-site pain scores
were generally low. Pain associated
with the administration of
risperidone LAI into the deltoid
muscle, if any, increased at two
hours after injection and for the
majority of patients returned to
baseline values by the next injection
assessment. These findings are
comparable with a previous report11

examining pain at the gluteal
injection site following risperidone
LAI injection, which noted
either minimal or no injection-site
pain.

The proportion of patients with
injection-site reactions for the gluteal
muscle injection was lower than for
the deltoid muscle injections in
Study 1. It is important to note,
however, that all of these were
considered to be only mild or
moderate in severity, transient in
duration, and that the overall
frequency of any of these reactions
was low.

Based on TEAE observations of
injection-site reactions in Study 1
(1.2%), the tolerability of risperidone
LAI was generally similar for all
dosage strengths regardless of
injection site. In both studies, the
nature and number of TEAEs was
consistent with the previous safety
profile of risperidone LAI.11–15

Furthermore, no patients
discontinued the treatment for
reasons related to the injection site
from either trial. The incidence of
TEAEs with risperidone LAI deltoid
muscle injection was low and there
were very few serious TEAEs or

withdrawals due to TEAEs, which
was also comparable with the safety
profile of risperidone LAI following
gluteal muscle injection.11 Moreover,
deltoid muscle and gluteal muscle
injection of risperidone LAI at the
same doses are interchangeable in
terms of drug exposure.10

The low incidence of injection-site
reactions and injection-site pain
observed in the studies presented
here is likely related to risperidone
LAI’s formulation, an isotonic and
water-based suspension, which is
easier to administer and less painful
for the patient than the oil-based
solvents used in conventional long-
acting antipsychotic agents.16 The
aqueous suspension of risperidone
LAI has been associated with
minimal pain, induration, and
inflammation at the gluteal muscle
injection site and injection-site
reactions are uncommon (1–7% of
patients).11,13,17,18

The principal limitation of these
studies is their relatively brief
duration; up to four injections in
Study 1 (eight weeks) and up to two
injections in Study 2 (each one
followed by a 12-week observation
period). These studies were 
designed to assess the nature and
characteristics of a patient’s
tolerability to single and multiple
injections into the deltoid muscle
and to characterize the
pharmacokinetic profile of these
interventions. In addition, as there
was no placebo control in either
study, it is not possible to confirm
whether aspects related to
tolerability occurred as a result of
the route of administration or the
study medication itself.

These findings compare favorably
with those reported in studies
evaluating conventional long-acting
antipsychotic agents.19,20 Overall, the
results from both studies presented
here indicate that there were no
clinically relevant differences in the
safety and tolerability of risperidone
LAI injected into the deltoid muscle
compared with gluteal muscle
injections. Importantly, there were
no clinically significant changes from
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baseline to the study endpoint for any
of the clinical laboratory parameters,
ECG, vital signs, or physical
examination. In both studies, there
was a trend for the mean total ESRS
scores to decrease, indicating
improvement during the study for all
treatment groups.

Based on the safety and local
tolerability results presented in both
the single- and multiple-dose studies
across all dosages, injection of
risperidone LAI into the deltoid muscle
can offer patients with schizophrenia
an alternative route of administration
to the previously approved gluteal
muscle injection site. This alternative
may be potentially less intrusive for
patients with schizophrenia, improving
ease of access to the injection site for
the treating clinician and also enhance
patient comfort.
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